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OPTICAL DISC RECORDING APPARATUS 
CROSS REFERENCE TO RELATED APPLICATION 

This application is based on Japanese Patent Application 
2002-188168, filed on June 27, 2002, the entire contents of which are 
5 incorporated herein by reference. 
BACKGROUND OF THE INVENTION 

A) FIELD OF THE INVENTION 

This invention relates to an optical disc recording apparatus. 

B) DESCRIPTION OF THE RELATED ART 

10 Conventionally, there is an optical disc recording apparatus for 

recording information on recordable optical discs such as a compact 
disc-recordable (CD-R) and a compact disc rewritable (CD-RW). The 
optical disc recording apparatus executes information recording by 
irradiating laser lights with difference in intensity corresponding to data 

15 to be recorded to change reflectivity of a recording layer. Then, the 
change of the reflectivity of this recording layer gives contrast on the 
recording surface. In recent years, a visible image has been recorded 
on the recording surface of the optical disc by using the contrast formed 
by the laser light. 

20 In the optical disc recording apparatus, focus servo Is 

executed for keeping a distance between a lens of an optical pickup and 
the optical disc constant. The focus servo may fail not only in a case 
that there is adhesion of crack and dust on the optical disc, but also in a 
case that the optical disc recording apparatus receives a strong 

25 vibration. When the focus servo fails at a time of recording, recording 
process is interrupted once, and th proc ss is resumed after returning 
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th focus servo. Conventionally, wh n th focus s rvo fails during 
recording the visible image, the pixel adjoined in a visibl image is 
recorded to a separated position, and a visibl image different from an 
original image is recorded. 
5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an optical 
disc recording apparatus that can prevent data to be recorded 
dispersedly even if the focus servo fails. 

According to one aspect of the present invention, there is 

10 provided an optical disc recording apparatus, comprising: an optical 
pickup that irradiates a laser light onto an optical disc; a servo device 
that performs focus servo for maintaining an approximately fix d 
distance between the optical disc and a lens of the optical pickup and 
outputs a signal showing whether the focus servo fails or not; a position 

15 moving device that moves an irradiating position of the optical pickup on 
the optical disc; a laser power controller that controls a laser power of 
the laser light in accordance with input data to be recorded; a detector 
that detects whether the focus servo fails or not in accordance with the 
signal output by the servo device; an obtaining device that obtains 

20 standard position of the laser light from an irradiating position at the 
time of the failure of the focus servo when a failure of the focus servo is 
detected by the detecting device; and a controller that controls the las r 
power controller to pause the control of the laser power in accordance 
with the data to be recorded and thereafter controls the position moving 

25 device and the laser power controller to restart the control of the laser 
power in accordance with the data to be recorded from th standard 

2 
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position as a restarting position. 

According to this structure, since controlling of th las r power 
control based on data to be recorded is resumed from the las r light 
irradiating position at a time of the failure of the focus servo, an 
5 influence by the failure of the focus servo can be prevented, and the 
data can be recorded on the optical disc seamlessly. 

According to another aspect of the present invention, there is 
provided an optical disc recording apparatus, comprising: an optical 
pickup that irradiates a laser light onto an optical disc; a servo device 

10 that performs focus servo for maintaining an approximately fixed 
distance between the optical disc and a lens of the optical pickup and 
outputs a signal showing whether the focus servo fails or not; a position 
moving device that moves an irradiating position of the optical pickup on 
the optical disc; a laser power controller that controls a laser power of 

15 the laser light in accordance with input data to be recorded; a detector 
that detects whether the focus servo fails or not in accordance with the 
signal output by the servo device; an obtaining device that obtains a 
standard position of the laser light from an irradiating position at the 
time of the failure of the focus servo when a failure of the focus servo is 

20 detected by the detecting device; and a controller that controls the laser 
power controller to pause the control of the laser power in accordance 
with the data to be recorded and thereafter controls the position moving 
device and the laser power controller to restart the control of the laser 
power in accordance with the data to be recorded from a position shifted 

25 by a predetermined moving amount from the standard position as a 
restarting position. 

3 



03- 6-27 ; 10:22 i TAKAHASH I &K I TAYAMA 



pi I Isbury 



J38348117 



According to this structur , since controlling of the las r power 
control bas d on data to be recorded is resumed from a position wh re 
is moved from the laser light irradiating position at a time of the failure of 
the focus servo only by a predetermined moving amount, it can be 
5 prevented that data is recorded on the optical disc dispersedly. 

According to further aspect of the present invention, there is 
provided an optical disc recording apparatus, comprising: an optical 
pickup that irradiates a laser light onto a label surface of an optical disc; 
a servo device that performs focus servo for maintaining an 

10 approximately fixed distance between the optical disc and the optical 
pickup and outputs a signal showing whether the focus servo fails or 
not; a position moving device that moves an irradiating position of the 
optical pickup on the optical disc; a laser power controller that controls a 
laser power of the laser light in accordance with input data to be 

15 recorded; a detector that detects whether the focus servo fails or not in 
accordance with the signal output by the servo device; an obtaining 
device that obtains a distance and an angle as a benchmark position, 
the distance being from an optical disc center to an irradiating position 
of the laser light, and the angle being between a baseline from the 

20 optical disc center to an outer periphery and a line from the optical disc 
center to the irradiating position, when a failure of the focus servo is 
detected by the detecting device; and a controller that controls the laser 
power controller to pause the control of the laser power in accordance 
with the data to be recorded and thereafter controls the position moving 

25 device and the laser power controller to restart the control of the laser 
power in accordance with the data to be recorded from the benchmark 

4 
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position as a restarting position. 

According to still another aspect of the present inv ntion, th re 
is provided an optical disc recording apparatus, comprising: an optical 
pickup that irradiates a laser light onto a label surface of an optical disc; 
5 a servo device that performs focus servo for maintaining an 
approximately fixed distance between the optical disc and the optical 
pickup and outputs a signal showing whether the focus servo fails or 
not; a position moving device that moves an irradiating position of the 
optical pickup on the optical disc; a laser power controller that controls a 

10 laser power of the laser light in accordance with input data to be 
recorded; a detector that detects whether the focus servo fails or not in 
accordance with the signal output by the servo device; an obtaining 
device that obtains a distance and an angle as a benchmark position, 
the distance being from an optical disc center to an irradiating position 

15 of the laser light, and the angle being between a baseline from the 
optical disc center to an outer periphery and a line from the optical disc 
center to the irradiating position, when a failure of the focus servo is 
detected by the detecting device; and a controller that controls the laser 
power controller to pause the control of the laser power in accordance 

20 with the data to be recorded and thereafter controls the position moving 
device and the laser power controller to restart the control of the laser 
power in accordance with the data to be recorded from a position shifted 
by a predetermined moving amount from the benchmark position as a 
restarting position. 

25 According to the present invention, it can be prevented that 

data is recorded dispersedly even if the focus servo fails. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Is a block diagram showing an electrical structur of the 
optical disc recording apparatus according to an embodiment of the 
present invention. 

5 FIG. 2 is a diagram showing a structure of the optical pickup. 

FIG. 3 is an image for explaining a light receiving device. 
FIG. 4 is an image for explaining coordinates of the optical disc 
determined by image data. 

FIG. 5 is an image for explaining the laser irradiating position. 
10 FIG. 6 is an image for explaining detection of the laser 

irradiating position. 

FIG. 7 is a flow chart showing a main flow of a controlling unit 
at a time of recording. 

FIG. 8 is a flow chart showing a process executed when the 
15 focus servo falls. 

FIG. 9 is a cross sectional view of the optical disc that can 
record on a label surface. 

FIG. 10 is a diagram showing where near the laser irradiating 
position in a case that the laser light is irradiated on the recording 
20 surface and the label surface. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram showing a structure of the optical 
disc recording apparatus 100 according to an embodiment of the 
present invention. The optical disc recording apparatus 100 is an 
25 apparatus having a visible image recording function on the recording 
surfac of an optical disc 200 in addition to the conventional information 
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recording function. Moreov r, the optical discs 200 used in th optical 
disc recording apparatus 100 are general CD-R and CD-RW, and a cas 
of the CD-R is explained for convenience of the explanation. Also, th 
optical disc recording apparatus 100 is connected to a personal 
5 computer (hereinafter called PC) 300 via a signal cable (not shown in 
the drawing), and inputs recording data to be recorded and image data 
corresponding to the visible image on the recording surface via th 
signal cable. An interface based on arbitral Standard can be adopted 
for connection between the optical disc recording apparatus 100 and the 

10 PC 300, for example, the small computer system interface (SCSI) 
Standard, the Institute of electrical and electronic engine (IEEE) 1394 
Standard, the AT attachment packet interface (ATAP I) Standard, the 
universal serial bus (USB) Standard and the like can be adopted. 

A spindle motor 101 rotativeiy drives the optical disc 200. A 

15 frequency generating device 102 uses spike current of the spindle motor 
101 and outputs a pulse signal FG with a frequency corresponding to a 
spindle rotation velocity (rotation per unit time). The optical disc 
recording apparatus 100 according to the embodiment of the present 
invention performs information recording and image recording by a 

20 Constant Angular Velocity (CAV) method. Therefore, the spindle motor 
101 rotativeiy drives the optical disc 200 with a fixed angular velocity. 

An optical pickup 103 is a unit for irradiating a laser light onto 
the optical disc 200. Its structure is shown in FIG. 2. As shown in the 
drawing, the optical pickup 103 equips with a laser diode 104 radiating 

25 laser light, a diffraction grating 105, an optical system 110 concentrating 
the laser light on the surfac of the optical disc 200 and a light r c iving 
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d vie 106 receiving a r fl ction light of th irradiated laser light. 
Moreover, th laser diode 104 irradiates a la er light corr sponding to a 
drive signal Li from the laser driver (refer to FIG. 1). 

The laser light irradiated from the laser diode 104 is separated 
5 into a main beam, a preceding beam and a following beam, and these 
three beams are concentrated on the surface of the optical disc 100 
passing through a following beam splitter 111, a collimator lens 112, a 
1/4 wave plate 113 and an object lens 114. On the other hand, the 
three laser beams reflected at the optical disc 200 is reflected at the 

10 following beam splitter 111 passing through the object lens 114, the 1/4 
wave plate 113 and a collimator tens 112 again and concentrated by a 
cylindrical lens 115 to be irradiated into the light receiving device 106. 
The light receiving device 106 outputs a signal corresponding to the 
light reception as a light receiving signal Rv to an RF amplifier (refer to 

15 FIG. 1). 

A stepping motor 131 is a motor for moving the optical pickup 
103 toward a diameter direction of the optical disc 200. A motor driver 
132 rotatively drives the stepping motor 131 corresponding to the pulse 
signal provided from a motor controller 133. The motor controller 133 

20 generates a pulse signal corresponding to a moving amount and a 
moving direction in accordance with a moving starting instruction 
including a moving direction and a moving amount toward the diameter 
direction of the optical pickup 103 instructed by the controlling unit 130 
and provides the generated pulse to the motor driver 132. 

25 By moving the optical pickup 103 toward the diameter direction 

of the optical disc 200 by th st pping motor 131 and rotating the optical 



03- 6-2 7 ; 1 0 : 22 ; TAKAHASH I &K I TAYAMA 



pi 1 1 s b u r y 



138348'. 



disc 200 by the spindle motor 101, an irradiating position of the laser 
light from the optical pickup 10 can be mov d to various positions of the 
optical disc 200, and these structural elements consist position 
controlling means. 

5 The RF amplifier 108 amplifies the receiving light Rv from the 

optical pickup 103 and outputs it to the servo circuit 107 and a decoder 
109 as a RF signal. Here, the RF signal becomes an EFM (Eight to 
Fourteen Modulation) modulated signal at a time of information 
reproduction of the optical disc 200. The decoder 109 performs EFM 

10 demodulating of received RF signal to generate reproducing data and 
outputs to the controlling unit 130. 

Here, the main beam and the two sub-beams are in a 
positional relationship that a spot center of one sub-beam is hanging 
over the inner circumference side of the groove and a spot center of 

15 another sub-beam is hanging over the outside of the groove at a time 
that a spot center of the main beam is positioned at a center of a groove 
of the optical disc 200. Therefore, by calculating a difference value of 
light receiving levels of the sub-beams detected by the light receiving 
device 106, ft can be known how much the main beam is shifted to the 

20 inner circumference side/perimeter side to the groove. Therefore, the 
servo circuit 107 generates a tracking error signal Tr in order to make 
the shifted amount be zero to output to a tracking actuator. Then, the 
main beam can accurately be traced to the groove even if the optical 
disc 200 rotates eccentrically (tracking servo control). 

25 Also, the control to move the optical pickup 103 to the 

diametrical direction of th optical disc 200 by rotation of the stepping 

9 
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motor 131 is, for xampl , executed by the controlling unit 130 
instructing the optical pickup 103 to move outside only by one step 
(thread control). 

Also, actually, as shown in FIG. 3, the light receiving devic 
5 106 is divided into four detecting areas, a, b, c and d. A focused image 
of the main beam in the light receiving device 106 becomes vertical 
ellipse A when an object lens 114 is close to the optical disc 200, and 
becomes horizontal ellipse B when the object lens 114 is far from the 
optical disc 200. Although it means the object lens 114 is in a focus 

10 condition at a time of information recording when the focused image is a 
circle C, the circle C does not necessarily means that the focused image 
is in a focus condition at a time of visible image recording. It may be 
arbitrarily determined when planning which condition is in a focus 
condition at a time of visible image recording. 

15 In light receiving intensity in the four areas, by obtaining a 

difference signal corresponding to (a+c) - (b+d), it can be known that 
distance between the object lens 114 and the optical disc is dislocated 
for about the difference signal. Therefore, the servo circuit 107 
generates a focus error signal Fc for making the shifted amount "zero" 

20 and provide it to a focus actuator 121. Then, the spot size of the main 
beam can be fixed even when the optical disc 200 rotates with waving 
(focus servo control). 

In fact, there is a limitation in the range that can detect a focal 
error signal Fc correctly. Therefore, when there is adhesion of crack 

25 and dust on the optical disc 200 and when the optical disc recording 
apparatus 100 receives strong vibration, the focus servo may fail. The 

10 
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controlling unit 130 can d t ct that the focus servo falls by obtaining an 
Int nsity signal corresponding to (a+b+c+d) and always comp ring to a 
threshold level. When the controlling unit 130 detects that the focus 
servo fails, the controlling unit 130 moves the object lens 114 up and 
5 down by the focus actuator 121, and executes a recovery operation to 
change signal level of the above-described intensity signal in a possible 
range of the focus servo. Moreover, since the noise is overlapped in 
the intensity signal at a time that the focus servo fails, the controlling 
unit 130judges whether the focus servo fails or not based on the 

10 intensity signal after executing a process to remove the noise. 

The servo circuit 107 executes a rotation velocity control of the 
spindle motor 101, a focus control and a tracking control of the optical 
pickup 103. More in detail, a pulse signal FG from the frequency 
generating device 102 and an instruction signal from the controlling unit 

15 130 are input to the servo circuit 107, and the servo circuit 107 controls 
the spindle motor 101 to make the rotation velocity of the spindle motor 
101 indicated by the pulse signal FG approximately the same as the 
rotation velocity Indicated by the instruction signal. As described in the 
above, in the optical disc recording apparatus 100 according to the 

20 embodiment of the present invention, since the CAV method is applied, 
the servo circuit 107 rotatively drives the spindle motor 101 at a fixed 
angular velocity instructed by the controlling unit 130. Moreover, it is 
not limited to the CAV method, there is a Constant Linear Velocity (CLV) 
method that rotatively drives the optical disc 200 at a fixed linear 

25 velocity. Of course, any of the above-described method may be used. 

Next, a buffer memory 135 and a frame memory 134 

u 
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temporarily stor various typ s of data provid d from th PC 300 via an 
interface 139. In detail, th buff r memory 135 stores r cording data to 
be recorded on the recording surface of the optical disc with Fast In Fast 
Out (FIFO) method. An encoder 136 performs an EFM modulation on 
5 the recording data read from the buffer memory 135 to output to a 
strategy circuit 137. The strategy circuit 137 performs a time axis 
correcting process to data provided from the encoder 136 to output to a 
laser driver 138. 

On the other hand, the frame memory 134 stores image data of the 

10 visible image to be formed on the optical disc 200. This image data is a 
set of data to determine a concentration (contrast) of pixels to be drawn 
on the optical disc 200. As shown in FIG. 4, each pixel P is defined in 
correspondence with each intersection between a concentric circle of 
the optical disc 200 and radiation from the center. In order to explain 

15 the intersection coordinates in the optical disc 200, concentric circles 

are sequentially defined to be a first line, a second line, a third line 

an mth line (the last line) from the inside to the outside of the disc, and 
when one radiating line is defined to be a standard line, the other 
radiating lines are sequentially defined to be a first column, a second 

20 column, a third column, an nth column (the last column) in a 
clockwise order. This drawing shows each pixel position in simulate, 
actually each pixel is arranged more closely. 

The reason for defining an arrangement of pixels in that 
manner is following. On the Standard, the optical disc rotates 

25 counterclockwise looking from the recording surface at a time of 
information recording to the optical disc 200, and the optical pickup has 

12 
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a structure to move from the inside to the outside. Wh n the 
abov -described structur is premised, even in a state that the lab I 
surface is set to be encountered with the optical pickup 103, the optical 
disc 200 rotates counterclockwise, and the optical pickup 103 moves 
5 from the inside to the outside. Therefore, when the optical disc 200 is 
looked from the optical pickup 103, the optical disc 200 rotates 
counterclockwise and moves from the inside to the outside of the optical 
disc 200. The order of the above-described arrangement of pixels is 
corresponding to a scanning order of this optical pickup 103. 

10 Corresponding to that, image data are stored in the fram 

memory 134 in an arrangement of m lines and n columns. The imag 
data stored in the frame memory 134 are readout line by line by th 
controlling unit 130 to be provided to the laser driver 138 pixel by pixel. 

The laser driver 138 drives the laser diode 104 of the optical 

15 pickup 103 in accordance with control of laser power controlling circuit 
140 in accordance with modulated data provided from the strategy 
circuit 137 at a time of information writing and in accordance with imag 
data provided from the frame memory 134 at a time of visible image 
recording. 

20 On the other hand, laser power of the laser diode 104 is 

controlled as follows. That is, the optical pickup 103 has a front 
monitor diode (not shown in the drawing), and the front monitor diod 
receives a monitor light (light from a back of a chip of the laser diode 
104) of the laser diode 104, and generates electric current 

25 corresponding to a light receiving amount. Then the generated electric 
current is output to the laser power controlling circuit 140 as a monitor 

13 
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lectric curr nt. 

The laser controlling circuit 140 controls the las r power 
irradiated from the laser diode 104 corresponding to the input monitor 
electric current value. In concrete, the laser power controlling circuit 
5 140 uses the monitor electric current value and executes feedback 
control of the laser driver 138 so that the laser light at the target laser 
power is irradiated from the optical pickup 103. A target value of the 
laser power is an ideal laser value instructed by the controlling unit 130, 
and actually a monitor electric current value corresponding to the laser 

10 power is instructed. 

The controlling unit 130 is consisted of the central processing 
unit (CPU), the read only memory (ROM), the random access memory 
(RAM) and the like, and controls each part of the optical disc recording 
apparatus 100 in accordance with a program stored in the ROM. The 

15 controlling unit 130 is consisted so that the information recording 
process and the visible image recording process to the optical disc 200 
are controlled in central. 

Next, an operation of the optical disc recording apparatus 
100 according to the embodiment of the present invention is explained. 

20 A main feature of the optical disc recording apparatus 100 is recording 
of a visible image to the optical disc 200. On the other hand, in 
addition to the conventional information recording function, a secondary 
feature is a multi-purpose device that also has the visible image 
recording function. Hereinafter, operation at a time of information 

25 recording is explained briefly, and operation at a time of the visible 
image recording that is a feature of the present invention is explain d in 

14 
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d tail. 

In th optical disc recording apparatus 100, when th optical 
disc 200 is set, the controlling unit 130 executes the rotation control of 
the spindle motor 101 by the servo circuit 107 so that the angular 
5 velocity of the optical disc 200 becomes a predetermined angular 
velocity. Also, the controlling unit 130 rotates a stepping motor 131 by 
executing moving start instruction to a motor controller 133 to the optical 
pickup 103 to a position where is equivalent to a lead-in area. 

Next, the controlling unit 130 reads out ATIP information 
10 recorded in the lead in area. Since information of a medium type, an 
ideal laser power and a manufacturer brand is written properly in the 
ATIP information, the controlling unit 130 sets a target value of the laser 
power based on these information. For example, the controlling unit 
130 executes a process that the ideal laser power value written in ATIP 
information sets to the target value without changing or a process to 
select the target value of the laser power referring a table that 
corresponds to the manufacturer brand and the laser power based on 
information written in ATIP information such as the manufacture brand. 
Then, the target value of the laser power of the laser power controlling 
circuit 140 is set. By doing that, the controlling unit 130 sets the target 
value of the laser power easily based on the ATIP information. 

When the rotation control of the spindle motor 101 is being 
executed, the tracking servo control to trace the groove of the optical 
disc 200 and the focus servo control are always executed in parallel. 
Also, when the controlling unit 130 detects failure of the focus servo, it 
makes the focus actuator 121 mov the object lens 114 up and down, 

15 
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and xecut s a control to resume th focus servo. 

Then, wh n the recording data is provided from th PC300, th 
controlling unit 130 records the recording data in the buffer memory 135 
and reads out in a recorded order to execute EFM demodulation by the 
6 encoder 136. Then, a time axis correction process Is executed by the 
strategy circuit 137. 

Next, the controlling unit 130 controls the laser driver 138 to 
change the laser power of the laser light irradiated from the optical 
pickup 103 to a write level and a servo level in accordance with data 

10 from the strategy circuit 137. The write level is a power level to change 
reflectivity of the laser irradiating area sufficiently to a recording layer 
202 of the optical disc 200. On the other hand, although the servo level 
is a power level not to change reflectivity of the laser irradiating area, it 
is a level to satisfy the power level to obtain a recording write level that 

15 can execute tracking control and focus servo control. 

Here, this write level Is set to be controlled by the target value 
of the laser power set by the controlling unit 130 from the ATIP 
information by the laser power controlling circuit 140. By doing that, 
the recording data is recorded to the optical disc 200 at a low error rate. 

20 Moreover, at a time of information recording, at the same time of the 
above-described process, the rotation control of the spindle motor 101, 
the tracking control for tracking group and focus control are always 
executed, and the recording data is recorded along with the groove 202a 
of the optical disc 200 from inside. 

25 Next, operation at a time of visible image recording is 

explained. Howev r, t a time of visible image recording, th rotation 

16 
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control of the spindl motor 101 and th focus control is always 
executed, the tracking control for tracking groov 202a is not ex cuted 
as described in the above. In the operation at a time of visible image 
recording, there are features as a secondary operation such as focus 
5 control and detection of the laser irradiating position. Therefore, after 
explaining them, the main operation is explained. 

At a time of visible image recording, detection of the laser 
irradiating position is executed as following. In the embodiment of the 
present invention, the laser irradiating position is detected from polar 

10 coordinates (the distance r from the center of the optical disc 200, angle 
0 from a standard line of the optical disc 200) as shown in FIG. 5. 
Hereinafter, detection of the standard line on the optical disc 200 and 
the laser irradiating position are explained. 

A frequency generating device 102 outputs a pulse signal FG 

15 of which frequency is corresponding to the spindle rotation velocity as 
described in the above. A phase locked loop (PLL) circuit 142 
generates a clock signal CK multiplied by the frequency of the puis 
signal FG and outputs the generated signal to the control unit 130. 
Also, a frequency divider 143 generates a standard signal SFG by 

20 frequency dividing the signal FG and provides it to the controlling unit 
130. 

Here, when the frequency generating device 102 generates 
eight pulses as pulse signals FG during one rotation of the spindle motor 
101, that is, while the optical disc 200 rotates once, as shown in FIG. 6, 
25 the frequency divider 143 frequency divides the signal FG into 1/8 to 
output as a standard signal SFG. Therefore, the controlling unit 130 

17 
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can d tect that a booting up timing of the standard signal SFG is s 
timing that the laser irradiating position passes the standard line of th 
optical disc 200. 

Also, in this case, when a frequency multiplicity in the PLL 
5 circuit 142 is set to be a quotient that is the number of columns in a line 
is divided by eight, one cycle of the clock signal CK corresponds to the 
duration that the optical disc 200 rotates with angle for one column of 
the pixel arrangement. The controlling unit 130 can detect the angle 9 
for the laser irradiating position by counting the booting up timing of the 

10 clock signal CK in order from booting up the standard signal SFG 

Moreover, an expression of the standard line of the optical disc 
200 should be said to be a standard line to a rotation axis of the spindle 
motor 101 in a strict sense of the wording. Since the optical disc 200 
rotates with being chucked by a table (not shown in the drawing) directly 

15 connected with the rotation axis, the standard line to the rotation axis of 
the spindle motor 101 keeps a fixed position relationship with radiation 
of the optical disc 200. Therefore, one radiation in the optical disc 200 
may be read as the standard line of the optical disc 200 as long as that 
condition is maintained. 

20 Also, in the embodiment of the present invention, the booting 

up timing of the standard signal SFG is defined as a standard line 
passing timing of the optical disc 200, and the booting up timing of the 
clock signal CK is defined as a timing rotated with angle for one column 
of the pixel arrangement. In both cases, booting down timing may 

25 certainly be used. 

On the other hand, the controlling unit 130 executes a moving 

18 
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start Instruction including moving direction to th diametrical dlr ction of 
the optical pickup 103 and moving amount, and th optical pickup 103 is 
moved to the diametrical direction of the optical disc 200. Her , the 
distance r from the center of the optical disc 200 of the laser irradiating 
5 position can be known by the moving start Instruction. By doing that, 
the controlling unit 130 can detect the distance r and the angle 0 of th 
laser irradiating position. 

FIG. 7 is a main flow of the controlling unit 130 at a time of 
recording. 

io When the image data is provided from the PC300, th 

controlling unit 130 records the image data in the frame memory 134 
and outputs a command to make the optical pickup 103 move to the 
most inside point in a blank area of the optical disc 200(Step S11). By 
this command, a motor controller 133 generates a signal necessary for 

15 making the optical pickup 103 move to the point, and the motor driver 
132 makes the stepping motor 131 rotate. Then, the optical pickup 103 
moves to the point. Moreover, the controlling unit 130 finds the blank 
area by reading out information in the lead in area of the optical disc 200. 
Therefore, when information is not recorded in the optical disc 200, th 

20 controlling unit 130 moves the optical pickup 103 to the most Inside 
point. 

Next, the controlling unit 130 reads in advance only the first 
one line of image data of the image data stored in the frame memory 134 
where the optical pickup 103 is positioned (Step S12). Then, the 
25 controlling unit 130 judges whether all the image data for the one line 
read first is "0" or not (St p S13). The judgment that all the image data 
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for one line is "0" m ans that it is n cessary to heat discolorate this line 
of the th rmosensitive layer 205. Th refor , when this judging r suit is 
positive, the controlling unit 130 skips processes and advances to Step 
S17 for shortening time necessary for the visible image recording. 
5 On the other hand, when the judging result is negative, the 

controlling unit 130 waits a booting-up timing of the standard signal SFG 
(Step S14). 

Then, the standard signal SFG is booted up, the controlling 
unit 130 reads out the image data for one line read in advance or th 

10 image data of the line from the frame memory 134, and provides th 
image data of each column at a synchronized timing for one cycle of the 
dock signal CK to the laser driver 138 (Step S15). By doing that, the 
controlling unit 130 controls the laser driver 138 to change the laser to 
the write level and the servo level corresponding to the image data. In 

15 concrete, when the image data is "1", the controlling unit 130 controls 
the laser power to the write level. When the image data is "0", the 
controlling unit 130 controls the laser power to the servo level. By that, 
the laser irradiating position at the write level is heat discolorated. 

As described in the above, since the image data of each 

20 column that consists the image data of one of the lines is provided at the 
synchronized timing for one cycle of the clock signal CK, change of the 
laser power Is also executed at the synchronized timing for one cycle of 
the clock signal CK. Therefore, at each time when the optical disc 200 
rotates at an angle corresponding to one pixel from the standard line, 

2G the laser light is irradiated at a power corresponding to the image data 
of the column corresponding to th laser Irradiating position, and an 
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image of one line of the visibl image is recorded on th label surfac . 

Next, when all the image data In th one line is output (St p 
S16), the controlling unit 130 judges whether the output image data is 
the image data in the last line or not (Step S17). When the judging 
5 result is negative, the controlling unit 130 outputs a command to move 
the optical pickup 103 only by the position corresponding to the next lin 
toward the diameter direction and move the optical pickup 103 to the 
next line (Step S18). Moreover, the controlling unit 130 advances th 
process to Step S12. 

10 By doing that, the image data in the next line is read out from 

the frame memory 134, and the above-described processes, Steps S12 
to S16, are repeated. By that, the image data of the visible image are 
recorded one line by one line on the label surface. 

Then, when the Judging result of Step S17 is positive, that is, 

16 when the image data recording of the last line is finished, the controlling 
unit 130 finishes the recording process. By that, an image 
corresponding to the image data is recorded on the surface of the 
optical disc 200. The above is the main flow of the recording process. 

Next, an operation when the focus servo fails during recording 

20 described in the above is explained. Here, FIG. 8 is a flow chart 
showing a process executed when the focus servo fails. That is, when 
the controlling unit 130 detects a failure of the focus servo, it obtains the 
laser irradiating position (r, 6) at that time (Step S21). Also, the 
controlling unit 130 outputs an interruption command to interrupt the 

25 recording process (Step S22). By this command, the laser driver 138 
switches the laser power of the laser diode 104 to the servo level. 

21 
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Then th laser pow r switching control corresponding to the image data 
is interrupt d. 

Next, the controlling unit 130 sets "1" for a variant x (Step S23). 
Here, the variant x is used for grasping the number of times of retry to 
S execute recording. Therefore, it is grasped to be the first time retry by 
setting "1" for the variant x. Then, the controlling unit 130 outputs a 
command to move the optical pickup 103 to the position where obtained 
the optical pickup 103 (distance r, angle 6) (Step S24). By this 
command, the motor controller 133 rotates the stepping motor 131 to 

10 move the optical pickup 103 to the point. 

When the focus servo does not fail after moving (Step S25), 
the controlling unit 130 shifts the process to Step S31 described later, 
and outputs a recording command to resume the interrupted process to 
finish the process. By this command, recording process is resumed 

15 from the position where the focus servo fails, and the visible image is 
recorded. By that, the visible image can be recorded on the optical 
disc 200 without a joint even if the focus servo fails. The retrying 
operation is especially effective when the focus servo fails by an 
external vibration. That is, when the focus servo fails by receiving th 

20 external vibration, the focus servo does not fail even if the optical pickup 
103 is moved to the position after that. Therefore, even if the focus 
servo fails by the external vibration, the optical disc recording apparatus 
100 can prevent the influence and record the visible image seamlessly. 

On the other hand, when it is detected that the focus servo 

26 fails after the optical pickup 103 moves to the position (r, 0) (Step S25), 
the controlling unit 130 judges whether th v riant x is y or not (Step 
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S26). Here, y (y>l) is a maximum value of the numb r of the tim to 
r try, for example, a value u 4" is set. If the judging result is negative, 
the controlling unit 130 increases the variant x by "1" (Step S25), and 
the process to Step S24 after renewing the obtained angle 6 to a value 
5 added only "de\ Then the process proceeds to Step S24. By that, the 
optical pickup 103 is moved from the last position to a position (r, 8 + d8) 
where rotated only by angle d8 in a clockwise (refer to FIG. 4), and the 
recording process is resumed from the position in a case that the focus 
error is not detected (Step S31). That is, the recording process is 
10 resumed at a position where moved by a predetermined amount to a 
reading (rotating) direction of the optical pickup 103 from the position 
where the focus servo error is generated last time. By that when there 
are the black marks such as the crack or dusts at a position where the 
focus error is generated last time, the recording process is resumed by 
avoiding the position. Since this recording process is for recording the 
visible image, it is preferable that an adjacent space in the visible image 
is not tried to become larger. Therefore, the angle d0 to determine the 
above-described space may preferably be the minimum moving 
direction angle or an angle close to it. 

Also, in a case that the focus error is detected even if the 
position of the optical pickup 103 is moved to the position er, 0 + d8) 
(Step S25), the controlling unit 130 judges whether the variant x is y or 
not (Step S26). When the judging result is negative, the controlling unit 
130 executes processes Step S27, Step S28, Step S24 and Step S25. 
That is, the position of the optical pickup 103 is moved to a position (r, 6 
+ 2d9). At this time, if the focus error is not detected, th process 
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proceeds to Step S31 to r sume recording. On the other hand, if th 
focus error is detected, a rotation process of Step S27, St p S28, Step 
S24 and Step S25 is repeated. By doing that, resume of recording 
process is tried shifting the position of the optical pickup 103 to the 
5 diametrical direction little by little. Then, when the laser irradiating 
position avoids the black mark, the recording process is resumed. 

On the other hand, the judging result is positive at Step S26, 
the controlling unit 130 returns the position of the optical pickup 103 
only by angle yd8 to set to angle that focus servo fails for the first time, 

10 and the distance r is set to be a value added distance dr (Step S29). 
Then the optical pickup 103 is moved to the set position (Step S30). By 
doing that, in a case that the focus error is detected even if the position 
of the optical pickup 103 is moved by angle d9 unit for y times, the 
optical pickup 103 is moved to outside direction only by dr. A minimum 

15 moving direction (for 1 step) to the radius direction, a value close to that 
or a distance corresponding to one line space may be set as the 
distance dr. After that, the controlling unit 130 resumes the recording 
process at the position (Step S31) to finish the process. 

In a case that the black mark cannot be avoided even though 

20 the optical pickup 103 is moved toward a reading (rotating) direction 
along the circumference, the black mark is avoided moving the optical 
pickup 103 toward the diametrical direction of the optical disc 200. 
That is, in a case that the black mark exists along the direction of 
circumference for a long time, the black mark is avoided by being moved 

25 toward the diametrical direction. By that, the visible image recording 
can be resumed from a possible nearest position of where the focus 
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servo falls for the first time. 

As describ d in the above, according to the optical disc 
recording apparatus 100 in the embodiment of the present invention, 
when the focus servo falls, the recording process is tried again at that 
5 position. Therefore, in a case that the focus servo fails by the external 
vibration even though it is the recordable area without the black mark, 
the recording process can be resumed from the position where the focus 
servo failed. By that, the visible image can be recorded without a joint. 

Also, in a case that the focus servo fails again, the laser 
10 irradiating position is moved to a reading (rotating) direction along the 
circumference of the optical disc 200 by angle of d0 unit to try recording 
process. Then the black mark extending to the circumference direction 
is avoided, and recording can be resumed from a position from the latest 
avoided position. 

15 Moreover, in a case that the focus servo fails even though the 

laser irradiating position is moved to the reading (rotating) direction 
along the circumference of the optical disc 200 at a certain extent, the 
recording process is executed from where the position the focus servo 
failed for the first time is moved to the outside direction. When the 

20 focus servo is far from the point where the focus servo fails at first by 
moving the optical pickup 103 toward the direction of the circumference 
to avoid the black mark, the optica! pickup 103 will be move toward the 
diametrical direction. By that, the recording process can be resumed 
from a position near the focus servo fails for the first time. 

25 As described in the above, since the recording process can be 

r sumed from the same position wher the focus servo failed or the 
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possible nearest position even though th focus servo fails by vibration 
or th black mark, it can be avoided that the image of the visible image 
is recorded on the optical disc dispersedly, a correct visible image can 
be recorded. 

5 The present invention is not limited only to the above 

embodiments. It is apparent that various modifications, improvements, 
combinations, and the like can be made by those skilled in the art. For 
example, the following modifications can be possible. 

In the above embodiments, however the case that the recording 

10 process is resumed from the same position where the focus servo failed 
or the possible nearest position when the focus servo fails only at a time 
of the visible image recording has been explained, it is needless to say 
that it can be adopted to information recording. Also, In the above 
embodiments, the case that the recording process is resumed from the 

15 same position where the focus servo failed when the focus servo fails 
has been explained, the writing process does not have to always be 
restarted at the same point. 

However, it is desirable that the recording process is resumed from 
the same position when the focus servo fails by vibration, it is highly 

20 possible that the focus servo fails even though recording is resumed at 
the same position in a case of the optical disc recording apparatus 100 
that is under condition where it is hard to receive vibration, and it will 
take processing time vainly. Therefore, the processing time may be 
shortened resuming the process from a position where is moved only by 

25 a predetermined distance at a time that the focus servo failed. 

Although, in the above embodim nts, th cas to move the 
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resuming position of the recording process to the diametrical dir ction of 
the optical disc 200 only when the focus servo fails even though the 
resuming position of the recording process is moved to the 
circumference direction of the optical disc 200 when the focus servo 

5 fails has been explained, in a case that the focus servo does not fail if 
the resuming position of the recording process may be moved to the 
diametrical direction of the optical disc 200 first, the position may be 
moved to the diametrical direction of the optical disc 200 in a case that 
the focus servo does not fails. Also, the user may select either to move 

o the resuming position of the recording process to the circumference 
direction of the optical disc 200 or to the diametrical direction of the 
optical disc 200. 

Although, in the above embodiments, the case to apply the 
present invention at a time that the visible image is recorded on the data 

5 recording surface of the optical disc has been explained, it may be 
applied to record the visible image on the label surface of the optical 
disc. Hereinafter, an example of an optical disc 200A that information 
such as the visible image can be recorded on the label surface is 
explained. FIG. 9 is an example of a cross sectional view of the optical 

o disc 200A that can record on a label surface. The optical disc 200A has 
a structure laminated a protection layer 201, a recording layer 202, a 
reflection layer 203, a protection layer 204, a thermosensitive layer 205, 
a protection layer 206 in that order. The optical disc 200A has almost 
same structure as a CD-R that has been used conventionally except 

5 having the thermosensitive layer 205. Moreover, FIG. 9 is just a 
simulated type, and a size ratio of each layer is not necessarily as being 
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shown in this the drawing. 

On the recording layer 202, a groove (guid groov ) 202a is 
formed on the surface (upper part in the drawing) spirally. When 
information (including the visible image) is recorded on the recording 
5 surface of the optical disc 200A, laser light is irradiated along the groove 
202a to perform a heat discoloration of the recording layer 202. That is, 
the recording surface of the optical disc 200A is set in order to counter 
with the optical pickup 103, and information is recorded by moving laser 
light along the groove 202a. On the other hand, when information 

10 (including the visible Image) is recorded on the label surface of the 
optical disc 200A, the label surface is set in order to counter with the 
optical pickup 1 03. Then, information is recorded performing the heat 
discoloration of the thermosensitive layer 205 by laser light. 

FIG. 10 is an outline the drawing showing the cases which th 

15 laser light is irradiated on the recording surface (upper part of th 
drawing) and the label surface (lower part of the drawing). As shown in 
the drawing, if the standard of an optical disc is followed, the distance 
R1 of the reflective surface from the label surface will become quite 
short compared with the distance R2 of the recording surface to the 

20 reflective surface. Therefore, when the laser light is concentrated on 
the reflective surface, a spot size S1 of the label surface will become 
smaller than a spot size of the recording surface. Therefore, when it is 
assumed that black marks BMs with same size are in the laser spot, the 
case to irradiate laser light on the label surface is more greatly 

25 influenced than the case to irradiate laser light on the recording surface. 
That means that it is asier to fail the focus servo in the case of 
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irradiating laser light on the label surfac . By that, wh n th present 
invention is applied to the c se to r cord on the label surface by 
irradiating laser light, it can be said that the case that data is recorded 
dispersedly can be reduced sharply. 
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